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1
Introduction

This document discusses some basic principles and needs for different UE measurements in E-UTRA. Primarily the document concentrates on UE measurement needs and principles for mobility support. The document intends to identify the areas that RAN1 should work on and understand before e.g. concluding what UE measurement quantities would need to be defined for E-UTRA. Although UTRA and E-UTRA have many similarities like an assumption of frequency re-use =1 operations, there are also many differences between these systems. Thus, it is important that the measurement quantities and procedures are not just directly copied from UTRA without further analyses. Naturally, the experience from UTRAN provides us a good starting point for the work.
2
Discussion
As already discussed during the SI phase it is expected that the UE needs to support E-UTRA network with measurements for packet scheduling (Channel Quality Measurements), Interference Coordination/Control and mobility (primarily handover and cell reselection evaluation) purposes. In order to minimise the amount of measurements the UE needs to perform simultaneously it should be investigated how much the same measurements and measurement quantities could be reutilised. For instance, RAN1 has already agreed that UE measurements for interference coordination and control can reuse the measurements that the UE is already performing for other purposes like packet scheduling and mobility purposes. We cover the channel quality measurement related issues in separate contribution [1]. Thus, in this contribution we concentrate on UE measurements for mobility support. 

It has already been agreed in RAN2 that in E-UTRAN RRC_CONNECTED state network controlled UE assisted handovers are performed and various DRX/DTX cycles are supported and in E-UTRAN RRC_IDLE state, cell reselections are performed and DRX is supported. RAN2 has also agreed that depending on whether the UE needs transmission/reception gaps to perform measurements of other frequency layers or RAT measurements are classified as gap assisted or non gap assisted measurements. It was left for the UE’s capability to indicate whether gap assisted measurements are needed or not. However, it has been assumed that UE measurements within the serving frequency layer (i.e. between cells with the same carrier frequency and operating BW) would be performed without gap assistance by all terminals provided that the neighbour cell DL operating BW is not wider that the UE BW capability. 

2.1
UE Serving frequency layer measurements

From the system performance perspective UE measurement design and requirements are expected too be more stringent for handover than for cell reselections. Therefore, primarily in this contribution we look at the UE measurements needs from the handover perspective. It should then be possible to reuse these same measurements for cell reselection purposes as well. 

In a frequency re-use = 1 network neighbour cell searches and neighbour cell signal level measurements within the serving frequency layer are considered to be the most essential ones for ensuring fast and accurate hard handovers between the cells. For ensuring fast and accurate handovers within the serving frequency layer UE measurements should be defined so that they are as independent as possible from the UE transmit and reception data rates in a similar manner as in UTRA. However, it is important to ensure that during DRX/DTX operation the UE is only required to perform mobility measurements in E-UTRAN RRC_CONNECTED state only when the UE anyway wakes up for receiving and transmitting data in order to obtain planned UE power savings with given DRX/DTX cycle.. 

For UTRA UE intra-frequency measurements in CELL_DCH RAN4 has defined that the cell identification and CPICH level measurement requirements remain unchanged regardless of UL and DL data rates. In our opinion this same principle should be assumed for E-UTRA measurement design although RAN4 has not defined any UE measurement requirements for E-UTRA yet. This assumption sets some requirements for common channel design like synchronisation, reference signal and broadcast channels. 

In a frequency re-use = 1 network the total received signal power measurements are not sufficient for comparing the signal strengths of different cells as this type of measurements cannot distinguish different cells. It would seem natural to utilise reference signals, which can distinguish different cells, for neighbour cell level measurement purposes. 

In order for the UE to support regular reference signal level measurements it is important that all E-UTRA cells also sent reference signals often enough. If e.g. for some reason reference signals are not transmitted from all cells with the same rate all the time as e.g. suggested in [2], it will start negatively affecting neighbour cell level measurements and neighbour cell searches (reference signals are expected to be used a part of the cell identification process). Reduction in neighbour cell searches and reference signal level measurements on the other hand would have negative impact on handovers and cell reselections as RAN4 would need to develop more relaxed UE requirements if some of the common channels needed either for neighbour cell searches or level measurements were transmitted less frequently. We do not see this desirable from the system performance perspective and therefore, in our opinion it is important to analyse mobility implications before considering altering common channel designs in certain scenarios. It is also important to note that when DRX/DTX operations are used for UE power saving purposes, lack of normal reference signal transmission will have additional negative impact either on UE power savings or measurement performance. In order for the UE to save power during DRX/DTX operations it is important that the UE only needs to perform measurements when it also wakes up for other data reception or transmission purposes.
Since reference signals are not transmitted continuously like CPICH in UTRA, it should be investigated how this affects E.UTRA reference signal measurements. It should also be investigated whether e.g. only one measurement quantity for UE reference signal measurements would be sufficient.. Achievable measurement accuracies should carefully be considered for measurement quantities under consideration in order to ensure the best possible measurement performance on field. 

RAN2 has discussed possibility and need for so called non-contention based access burst handover procedures, which could be utilised for minimising HO delays and interruption times during HO execution. This type of handover execution could be achieved using a short access burst followed by normal transmission on UL SCH. In order to minimise handover interruption time for non-contention based access burst handover procedure without wasting UL allocation table resources and UL SCH capacity in the target cell, the UE should perform a “synchronous” handover to the target cell. As one solution for achieving this “synchronous” handover it has been discussed whether the UE would need to have the knowledge of the target cell SFN (System Frame Number) timing or something similar before the UE accesses the target cell with a short access burst. This could potentially mean some level of relative timing measurement that the UE would need to perform between the serving and neighbour cells. The measurement might also include the decoding of the SFN from the neighbour cells’ system information. However, the need for this type of UE measurement should be understood before any measurement quantity is defined. 
2.2.
UE Measurements of other E-UTRA frequency layers and other RATs
As already discussed, it has been agreed that RAN2 has agreed that neighbour cell searches and level measurements of other E-UTRA frequency layers or other RATs like UTRAN and GERAN may be performed by a UE utilising simultaneous DL and UL idle periods. These idle periods may either be provided by DRX/DTX or packet scheduling. Depending on how the control of these idle periods is agreed it is possible that not much RAN1 specification work is needed for this. However, for ensuring appropriate signalling and signalling ranges it is important to do proper performance analyses of different “gap patterns”. Some this performance analyses work could probably be shared between RAN1 and RAN4. 

2.2.1
UE measurements of other frequency layers

It is our expectation that the main and probably the only measurements that the UE needs to perform for other E-UTRA frequency layers are the ones needed for mobility support i.e. for handovers and cell reselections. Occasionally cell selections and PLMN selection related searches are also needed but as they are not the main methods for provide mobility in E-UTRA it is not necessary to use them as the criteria for optimising common channel design and UE measurement procedures. 

The measurement quantities for UE measurements on other E-UTRA frequency layers are expected to the same as the ones used for the serving frequency layer measurements or at least a subset of those measurements. However, due to more limited measurement occasions some performance differences between serving frequency layer and non-serving frequency layer measurements are expected.
2.2.2
UE measurements of other RATs
In order to allow minimum changes in the terminal implementations designed for other RATs it is important to reuse the existing inter-RAT measurement procedures and quantities specified in previous 3GPP releases (for GERAN and UTRAN) as much as possible. Also how multi-RAT UE in non-LTE RAT is supposed to measure EUTRAN cells needs to be addressed so that UEs in other RAT are able to measure and identify LTE cells uniquely during e.g. GSM search frames. That is why when designing cell identification procedure for EUTRAN also identification from other RATs needs to be considered to allow good mobility between legacy and EUTRAN networks. Identification of EUTRAN is needed before the actual reference signal level measurements can start
3
Conclusions
In this contribution we have discussed some basic principles that needs to be considered before the actual UE measurements details are defined. It is also important to ensure that e.g. defined measurement quantities meet the expectations from the E-UTRA system design perspective and that practical measurement accuracies for these measurement quantities are relative high.
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